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   DECOLOURIZATION OF MALACHITE GREEN 
USING TAMARIND SEED: OPTIMIZATION, 
ISOTHERM AND KINETIC STUDIES 
In this work, removal of malachite green (MG) from aqueous solution using a 
low cost adsorbent, tamarind seed, was investigated. The adsorbent was cha-
racterized using SEM, BET surface area analyzer, and FT-IR. Decolourization 
of malachite green was studied as a function of different adsorption parame-
ters such as temperature, adsorbent dose, contact time, adsorbent size and 
agitation speed. These parameters were optimized using response surface me-
thodology (RSM). The significance of different adsorption parameters along with 
their combined effect on the adsorption process has been established through 
a full 50 factorial design. Langmuir, Freundlich, Redlich Petersen, Dubnin Re-
dushkevich and Tempkin adsorption isotherm equations were used in the equi-
librium modeling. Experimental data follows the Langmuir adsorption isotherm. 
The adsorption process follows a pseudo first order and intra-particle diffusion 
is found to be the rate-controlling step. 
Key words: optimization; isotherm; kinetics; Tamarind seed; Malachite green 
(MG). 
 
 
Many industries use dyes to color their products 
and also consume substantial volume of water. Dyes 
are common constituents of effluents discharged by 
various industries, particularly the textile industry. The 
presence of small amounts of dyes in water is highly 
visible and undesirable [1]. A number of industries 
such as textile, paper and pulp, printing, iron-steel, 
coke, petroleum, pesticide, paint, solvent, 
pharmaceutics, wood preserving chemicals, consume 
large volumes of water and organic based chemicals. 
These chemicals show a great difference in chemical 
composition, molecular weight, toxicity, etc. Effluents 
of these industries may also contain undesired quan-
tities of these pollutants and need to be treated. Syn-
thetic dyestuffs, a group of organic pollutants, are used 
extensively in textile, paper, printing industries and 
dye houses. 
In accordance with abundant literature, liquid- 
-phase adsorption is one of the most popular methods 
for the removal of pollutants from wastewater. This 
process provides an attractive alternate for the treat-
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ment of contaminated waters, especially if the sorbent 
is inexpensive and does not require an additional pre-
treatment step before its application. Adsorption is a 
well known equilibrium separation process and an ef-
fective method for water decontamination applica-
tions. Adsorption has been found to be superior to 
other techniques in terms of initial cost, flexibility and 
simplicity of design, ease of operation and insensi-
tivity to toxic pollutants. Also, adsorption does not re-
sult in the formation of harmful substances [2]. The 
common adsorbent, activated carbon, has good capa-
city of removal of pollutants [3]. But its main disadvan-
tages are the high price of treatment and difficult 
regeneration, which increases the cost of wastewater 
treatment. Thus, there is a demand for other adsor-
bents, which are of inexpensive materials and do not 
require any expensive additional pretreatment steps, 
so that the adsorption process will become econo-
mically viable. A successful adsorption process de-
pends not only on dye adsorption performance of the 
adsorbents, but also on the constant supply of the 
materials for the process. So it is preferable to use 
low cost adsorbents, such as an industrial waste, na-
tural ores, and agricultural byproducts. This has re-
sulted in a search for developing other adsorbents 
based on solid wastes. Such low cost adsorbents 
have given satisfactory performance at the laboratory 
scale for treatment of colored effluents [4-14]. Various R. RAJESHKANNAN, M. RAJASIMMAN, N. RAJAMOHAN: DECOLOURIZATION OF MALACHITE…  CI&CEQ 17 (1) 67−79 (2011) 
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cheap adsorbents like wood and lignite have been 
used for the removal of color and metal ions in ef-
fluents. Other materials include fly ash, rice husk, tree 
bark and human hair have been tested and reported 
to give encouraging results in several areas of appli-
cation [15]. In recent years, some papers have report-
ed several kinds of low cost adsorbents such as leaf 
[16], fly ash [17], activated carbon [18], red mud [19], 
waste Fe(III)/Cr(III) hydroxide [20], fungus [21], mont-
morillonite [22]. However, the adsorption capacities of 
the above adsorbents are not very high. In order to 
improve the efficiency of the adsorption processes, it 
is necessary to develop cheap and easily available 
adsorbents with high adsorption capacities. In a world 
of rapid assimilation of natural resources, any attempt 
at the utilization of agricultural waste augments the 
raw material stock and also provides additional em-
ployments and income to marginal farmers and land-
less agricultural laborers. 
Malachite green is widely used for coloring pur-
pose and finds its application in coloring paper, and 
leather products, dyeing cotton, wool, silk, jute and in 
distilleries [23]. The dye under consideration is an im-
portant water-soluble dye belonging to the triphenyl 
methane family. In the aquaculture, commercial fish 
hatchery and animal husbandry, it is used as an an-
tifungal, anti-bacterial and anti-parasitical therapeutic 
agent, while in humans, it is used as an antiseptic and 
fungicidal [24]. This dye may enter into the food chain 
and could possibly cause carcinogenic, mutagenic 
and teratogenic effects on humans. Studies also con-
firm that the products formed after the degradation of 
malachite green are also not safe and are potentially 
carcinogenic potential [25]. 
Response surface methodology (RSM) is a col-
lection of statistical and mathematical techniques 
useful for developing, improving and optimizing pro-
cesses. In the last few years, RSM has been applied 
to optimize and evaluate interactive effects of inde-
pendent factors in numerous chemical and biochemi-
cal processes [26,27]. The aim of this work is to in-
vestigate the adsorption efficiency of Malachite green 
from aqueous solutions by using tamarind seed as 
adsorbent, which is a very cheap and readily avail-
able material in most countries. There are few re-
searchers who have successfully utilized the tamarind 
wood for the removal of heavy metals using RSM te-
chniques [28-33].  
MATERIAL AND METHODS 
Preparation of aqueous dye solution 
The textile dye, Malachite green, was obtained 
from Sigma Chemicals, New Delhi, India, and used 
without further purification. Stock dye solution was 
prepared by dissolving 1 g of MG in 1 L of deionized 
water. The other required concentrations were pre-
pared by diluting the stock solution of MG. Fresh di-
lutions were used for each experiment. The pH of the 
working solutions was adjusted to desired values with 
0.1 mol/L HCl or 0.1 mol /L NaOH.  
Preparation and properties of sorbent 
Tamarind seed used in this study is separated 
from tamarind indica fruits. It was soaked in water 
overnight to remove the seed hull and then washed 
twice with double distilled water to remove soluble 
lighter materials. Thereafter, it was dried in an oven at 
70 °C for an hour. After that, it was crushed by mortar 
and pistle and sieved to different mesh size. The sur-
face area of the tamarind seed was determined by a 
three point N2 gas adsorption method using a smart 
sorb surface area analyzer (model 92/93, Smart Ins-
truments Co Ltd., India). Percentage of volatile matter, 
ash, and moisture were determined by Vogel’s Ana-
lysis. The physicochemical properties of tamarind 
seed are given in (Table 1). 
Table 1. Physical and chemical properties of Tamarind seed 
Parameter Value 
Surface area, m
2/g (nitrogen BET adsorption method) 0.99 
Mechanical moisture content, % (w/w)  10.00 
Cation exchange capacity, meq/g  2.76 
FTIR Study 
Infrared spectral data obtained from a Perkin 
Elmer FTIR spectrophotometer (Spectrum BX-II) was 
utilized to determine the interaction between tamarind 
seed and malachite green at room temperature. For 
this reason, pellets were prepared as KBr disks. Ta-
marind seed powder and MG loaded Tamarind seed 
pellets were prepared using the same ratio of Tama-
rind seed (1 mg) and MG+ Tamarind seed (1 mg) in 
KBr (100 mg, dried at 110 °C). The infrared spectra in 
the range 4000–400 cm−1 were recorded for Tamarind 
seed and MG+ Tamarind seed pellets. 
SEM Measurements 
The surface morphology of both tamarind seed 
and MG loaded Tamarind seed was examined by 
means of scanning electron microscopy (SEM, Jeol 
JSM 60) at an accelerating voltage of 20 kV attached 
to an X-ray energy dispersive spectrometer. The 
samples were dried and coated with gold before 
scanning. For SEM, photographs were taken at diffe-
rent magnifications (between 1000× and 10,000×). R. RAJESHKANNAN, M. RAJASIMMAN, N. RAJAMOHAN: DECOLOURIZATION OF MALACHITE…  CI&CEQ 17 (1) 67−79 (2011) 
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Design of experiment (DOE) 
The CCD was used to study the effects of the 
variables towards their responses and subsequently 
in the optimization studies [34]. This method is suit-
able for fitting a quadratic surface and it helps to opti-
mize the effective parameters with a minimum num-
ber of experiments, as well as to analyze the 
interaction between the parameters. In order to des-
cribe the effects of temperature, adsorbent dosage, 
contact time, particle size and agitation speed on the 
percentage removal of malachite green dye, batch ex-
periments were conducted based on the central com-
posite design. The coded values of the process para-
meters were determined by the following equation:  
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where xi – coded value of the i
th variable, Xi – uncoded 
value of the i
th test variable and X0 – uncoded value of 
the i
th test variable at center point.  
The range and levels of individual variables are 
given in Table 2. The experimental design is given in 
Table 3 along with experimental data and predicted 
responses. The regression analysis was performed to 
estimate the response function as a second order po-
lynomial: 
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where  Y is the predicted response, βi,  βj,  βij are 
coefficients estimated from regression. They repre-
sent the linear, quadratic and cross products of x1, x2 
and x3 on response. 
A statistical program package, Design Expert 
7.1.5, was used for regression analysis of the data 
obtained and to estimate the coefficient of the regres-
sion equation. The equations were validated by the 
statistical tests called the ANOVA analysis. The sig-
nificance of each term in the equation is to estimate 
the goodness of fit in each case. Response surfaces 
were drawn to determine the individual and interactive 
effects of the test variable on the percentage removal 
of malachite green dye. The optimal values of the test 
variables were first obtained in coded units and then 
converted to the uncoded units. 
Experimental procedure 
The adsorption of malachite green from aque-
ous solution on to tamarind seed was performed un-
der shaking conditions in an orbital shaker (REMI-12, 
India). The experiments were performed according to 
the central composite design. To each 100 ml solution 
of malachite green, a desired quantity of the tamarind 
seed was added in 250 ml Erlenmeyer flasks. The 
mixture was agitated in an incubated orbital shaker at 
the desired temperature and speed for predetermined 
time intervals. The supernatant was separated by 
centrifugation at 4000 rpm for 10 min. The residual 
concentration in the supernatant was determined. The 
dye concentration in raw and treated sample was de-
termined by UV-Vis (Elico, SL 164, Hydarabad, India) 
spectrophotometer. The analyses were carried out at 
a wavelength of 619 nm in a UV-Vis spectrophoto-
meter. From the noted absorbance value the initial 
concentration, the concentration of the treated dye 
sample was determined. The response, i.e., removal 
efficiency of Malachite green was calculated as: 
0 (%) 100
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=  (3) 
where c0 and ci are the initial and final concentration 
of the dye solution. All experiments were carried out in 
triplicate and the mean values were reported. 
The process variables, temperature, adsorbent 
dosage, contact time, particle size and agitation speed 
were optimized and at these optimized conditions, the 
effect of pH and initial dye concentration were stu-
died. The amount of equilibrium adsorption, qe (mg/g), 
was calculated by: 
0e
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where c0 and ce (mg/L) are the liquid-phase concen-
trations of dye at initial and equilibrium, respectively. 
V (L) is the volume of the solution and M (g) is the 
mass of dry sorbent used. 
Table 2. Levels of different process variables in coded and un-coded form for adsorption of Malachite green 
Variable Code 
Levels 
-2.38 -1  0  +1  +2.38 
Temperature, °C    A  20 30 40 50  60 
Sorbent dosage, g  B  0.1  0.2  0.3  0.4  0.5 
Contact time, min  C  100  150  200  250  300 
Particle size, mm  D  0.35  0.246  0.17  0.124  0.074 
Stirring speed, rpm  E  100  150  200  250  300 R. RAJESHKANNAN, M. RAJASIMMAN, N. RAJAMOHAN: DECOLOURIZATION OF MALACHITE…  CI&CEQ 17 (1) 67−79 (2011) 
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Table 3. Experimental conditions and observed response values of 2
5 central composite design 
Run. No.  A - Temperature 
B - Sorbent 
dosage 
C - Contact 
time 
D – Particle 
size 
E - Stirring 
speed 
Color removal, % 
Experimental Theoretical 
1 -1  -1  1  -1  1  58.3  46.35 
2 -1  1  1  1  -1  48.0  37.17 
3 -1  1  -1  1  1  81.4  70.21 
4  0  0  0 0 0  98.8 98.86 
5 1  -1  -1  1  1  49.0  43.15 
6  1  1  1 1 1  60.0 64.95 
7  0  0  0 -2.38 0  52.0  55.02 
8 1  1  1  -1  1  67.0  62.96 
9 1  1  -1 -1  1  69.0  67.92 
10  0  0  0 0 0  97.9 98.86 
11  0  0  0 0 0  99.3 98.86 
12 1  1  -1  1  1  60.0  64.19 
13 -1  1  -1  1  -1  30.0  36.16 
14  0  0  0 0 0  97.9 98.86 
15  1  1  -1 -1 -1  64.0  58.06 
16  2.38  0  0 0 0  35.8 25.65 
17  0  0  0 0 0  98.7 98.86 
18 1  1  -1  1  -1  38.0  45.38 
19 1  -1  1  -1  1  20.0  22.52 
20  0  2.38  0 0 0  61.2 68.37 
21 1  1  1  -1  -1  59.0  58.24 
22 -1  -1  -1  -1  1  69.0  73.57 
23  1  -1  1 1 1  35.0 26.56 
24  1  -1  -1 -1 -1  52.0  59.29 
25 -1  1  1  -1  -1  35.0  33.93 
26  -1  1  1 1 1  68.0 66.07 
27 -1  -1  -1  1  -1  79.0  72.79 
28  -1  -1  -1 -1 -1  79.0  72.79 
29 -1  -1  1  1  -1  45.0  56.03 
30 1  -1  1  1  -1  30.8  37.22 
31 -1  -1  1  -1  -1  50.0  50.73 
32 0  0  0  0 -2.38 30.2  15.96 
33 1  -1  1  -1  -1  37.0  42.12 
34  0  0  0 0 0  98.6 98.86 
35  0  0  0 0 0  99.0 98.86 
36  -1  1  -1 -1 -1  24.0  72.6 
37  0  0  0 0 0  99.1 98.86 
38  0  -2.38  0 0 0  72.6 63.33 
39 1  -1  -1  1  -1  38.0  48.66 
40  -2.38  0  0 0 0  35.0 43.04 
41 0  0  0  0 2.38  21.0  33.13 
42  -1  -1  1 1 1  62.0 60.59 
43 -1  1  1  -1  1  55.0  53.87 
44  0  0  0 0 0  98.5 98.86 
45 0  0  -2.38 0  0  78.0  69.62 
46 -1  -1  -1  1  1  70.3  82.09 
47 -1  1  -1  -1  1  76.0  63.74 
48 0  0  0 2.38 0  62.0  56.88 
49 1  -1  -1  -1  1  39.0  44.83 
50  0  0  0 0 0  98.2 98.86 R. RAJESHKANNAN, M. RAJASIMMAN, N. RAJAMOHAN: DECOLOURIZATION OF MALACHITE…  CI&CEQ 17 (1) 67−79 (2011) 
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RESULTS AND DISCUSSION 
Experimental design and fitting of quadratic model 
To examine the combined effect of five different 
process parameters, on percentage color removal of 
malachite green, 50 experiments were performed. Eq. 
(5) represents the mathematical model relating the 
percentage color removal with the independent pro-
cess variables. The second order polynomial coeffi-
cient for each term of the equation was determined 
through multiple regression analysis using the Design 
Expert 7.1.5. The experimental and predicted values 
of percentage adsorption of Malachite green were 
given in Table 3. 
%Decolorization = 98.83 - 3.65A + 1.06B - 5.33C + 
+ 0.39D + 3.61E + 8.23AB + 1.22AC - 2.55AD - 
– 3.81AE + 4.34BC - 0.51BD + 6.08BE + 1.43CD - 
– 1.29CE + 2.24DE - 11.40A
2 - 5.83B
2 - 7.40C
2 - 
– 7.58D
2 - 13.13E
2 (5) 
The results were analyzed by using ANOVA and 
shown in (Table 4). The ANOVA of the quadratic re-
gression model indicates the model to be significant. 
The Model F-value of 14.4 implies that the model is 
significant. The smaller the magnitude of the P, the 
more significant is the corresponding coefficient. Va-
lues of P less than 0.05 indicate the model term is sig-
nificant. From the P values it was found that, among 
the test variables used in the study, A, C, E, AB, AE, 
BE, A
2, B
2, C
2, D
2 and E
2 are significant model terms. 
The predicted R
2 of 0.7781 is in reasonable agree-
ment with the adjusted R
2 of 0.8644. The fit of the mo-
del was also expressed by the coefficient of regres-
sion R
2, which was found to be 0.9176, indicating that 
91.76% of the variability in the response, could be 
explained by the model. This implies that the pre-
diction of experimental data is quite satisfactory. 
Response surface estimation for maximum removal of 
Malachite green 
Response surface plots as a function of two fac-
tors at a time, maintaining all other factors at fixed le-
vels are more helpful in understanding both the main 
and the interaction effects of these two factors. These 
plots can be easily obtained by calculating from the 
model, the values taken by one factor where the se-
cond varies with constraint of a given Y value. The 
response surface curves were plotted to understand 
the interaction of the variables and to determine the 
optimum level of each variable for maximum respon- 
Table 4. Analysis of variance (ANOVA) for response surface quadratic model (Std. dev.: 8.96; R
2 = 0.9176; mean: 59.55; adjusted
R
2 = 0.8644; C.V.: 15.56%; predicted R
2 = 0.7781) 
Source  Coefficient  Sum of square  DF F  P  > F 
Model 
A 
B 
C 
D 
E 
A*A 
B*B 
C*C 
D*D 
E*E 
A*B 
A*C 
A*D 
A*E 
B*C 
B*D 
B*E 
C*D 
C*E 
D*E 
Residual 
Lack of fit 
Pure error 
Cor total 
98.83 
-3.65 
1.06 
-5.53 
0.39 
3.61 
-11.40 
-5.83 
-7.40 
-7.58 
-13.13 
8.23 
1.22 
-2.55 
-3.81 
4.34 
-0.51 
6.08 
1.43 
-1.29 
2.24 
 
24743.47 
578.52 
48.61 
1229.16 
6.66 
564.15 
7218.84 
1888.24 
3045.06 
3192.23 
9580.09 
2168.11 
48.02 
208.08 
463.6 
602.04 
8.40 
1183.41 
65.55 
53.04 
160.20 
2490.96 
2490.96 
0.000 
27234.42 
20 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
29 
22 
7 
49 
14.40 
6.74 
0.57 
14.31 
.078 
6.57 
84.04 
21.98 
35.45 
37.16 
115.43 
25.24 
0.56 
2.42 
5.40 
7.01 
0.098 
13.78 
0.76 
0.62 
1.87 
 
< 0.0001 
0.0147 
0.4579 
0.0007 
0.7826 
0.0158 
< 0.0001 
< 0.0001 
< 0.0001 
< 0.0001 
< 0.0001 
< 0.0001 
0.4607 
0.1305 
0.0274 
0.0130 
0.7567 
0.0009 
0.3895 
0.4383 
0.1815 
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se. The response surface curves for percentage dye 
removal were shown in Figures 1-10. The nature of 
the response surface curves shows the interaction 
between the variables. The elliptical shape of the cur-
ve indicates good interaction of the two variables and 
circular shape indicates no interaction between the 
variables. From figures, it was observed that the ellip-
tical nature of the contour in graphs the mutual depic-
ted interactions of all the variables. There was a re-
lative significant interaction between every two vari-
ables, and there was a maximum predicted yield as 
indicated by the surface confined in the smallest ellip-
se in the contour diagrams. 
The magnitude of P and F values in (Table 4) 
gives the maximum positive contribution of tempera-
ture, adsorbent dosage, contact time, adsorbent size 
and agitation speed on dye removal. The quadratic 
terms of adsorbent dose, adsorbent size and agitation 
speed have positive effect on color removal. Further, 
the interactions of temperature and adsorbent dosa-
ge, temperature and contact time, adsorbent dosage 
and contact time, adsorbent dosage and agitation 
speed, contact time and particle size, particle size 
and agitation speed have positive effect, whereas the 
interactions of temperature and agitation speed and 
temperature and particle size, sorbent dosage and 
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  A: Temperature     B: Sorbent dosage  
Figure 1. Response surface plot of the combined effects of 
temperature and sorbent dosage on the percentage color 
removal of Malachite green by Tamarind seed. 
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  A: Temperature     C: Contact time  
Figure 2. Response surface plot of the combined effects of 
temperature and contact time on the percentage color 
removal of Malachite green by Tamarind seed. 
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  A: Temperature     D: Particle size  
Figure 3. Response surface plot of the combined effects of 
temperature and particle size on the percentage color 
removal of Malachite green by Tamarind seed. 
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  A: Temperature     E: Agitation speed  
Figure 4. Response surface plot of the combined effects of 
temperature and agitation speed on the percentage color 
removal of Malachite green by Tamarind seed. 
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 B: Sorbent dosage    C: Contact time  
Figure 5. Response surface plot of the combined effects of 
sorbent dosage and contact time on the percentage color 
removal of Malachite green by Tamarind seed. 
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 B: Sorbent dosage    D: Particle size  
Figure 6. Response surface plot of the combined effects of 
sorbent dosage and particle size on the percentage color 
removal of Malachite green by Tamarind seed. R. RAJESHKANNAN, M. RAJASIMMAN, N. RAJAMOHAN: DECOLOURIZATION OF MALACHITE…  CI&CEQ 17 (1) 67−79 (2011) 
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particle size and contact time and agitation speed 
have negative effect on percentage color removal (Fi-
gures 1-10). 
Optimum conditions for percentage color remo-
val of Malachite green dye using Tamarind seed were 
obtained by using RSM. Second order polynomial 
models obtained in this study were utilized for each 
response in order to determine the specified optimum 
conditions. The optimum values obtained by substi-
tuting the respective coded values of variables were: 
temperature (37 °C), adsorbent dose (2.85 g/L), con-
tact time (175 min), adsorbent size (85 mesh) and 
agitation speed (209 rpm). At this condition the maxi-
mum percentage color removal was obtained. The 
stationary point or central point is the point at which 
the slope of the contour is zero in all directions. The 
coordinates of the central point within the highest con-
tour levels in each of these figures will corresponds to 
the optimum values of the respective constituents. 
The maximum predicted color removal is indicated by 
the surface confined in the smallest curve of the con-
tour diagram [35]. The optimum values drawn from 
these figures are in close agreement with those ob-
tained by optimizing the regression model Eq. (5). 
The sequential quadratic programming in MATLAB 
7 is used to solve the second-degree polynomial re-
gression Eq. (5). The optimum values of the test va-
riables were: temperature (37 °C), adsorbent dose 
(2.85 g/L), contact time (175 min), adsorbent size (85 
mesh) and agitation speed (209 rpm). The optimal 
values for the variables predicted by MATLAB were 
found to be within the design region. This showed that 
the model correctly explains the influence of the 
chosen variables on the percentage color removal of 
Malachite green. 
Effect of pH 
The effect of pH on adsorption of malachite green 
on to tamarind seed was studied in the range of 2-9. 
The initial dye concentration, temperature, adsor-
bent dosage, contact time, particle size and agitation 
speed were fixed at 100 mg/L, 37 °C, 0.285 g, 175 
min, 85 mesh and 209 rpm, respectively. Solution pH 
would affect both aqueous chemistry and surface 
binding-sites of the adsorbent. Figure 11 shows the 
effect of initial solution pH on the amount of dye ad-
sorbed (mg/g) at equilibrium conditions. From Figure 
11, it was observed that a maximum of 33.98 mg/g of 
dye was adsorbed at a pH 7 and it decreased below 
and above this pH. This behavior can be explained on 
the basis of zero point charge for Tamarind seed 
which may lie at around a pH near 2 [36]. At lower pH 
below this point, the H
+ compete effectively with dye 
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Figure 7. Response surface plot of the combined effects of 
sorbent dosage and agitation speed on the percentage 
color removal of Malachite green by Tamarind seed. 
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Figure 8. Response surface plot of the combined effects of 
contact time and particle size on the percentage color 
removal of Malachite green by Tamarind seed. 
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Figure 9. Response surface plot of the combined effects of 
contact time and agitation speed on the percentage color 
removal of Malachite green by Tamarind seed. 
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Figure 10. Response surface plot of the combined effects of 
agitation speed and particle size on the percentage color 
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cations causing a decrease in % color removal. At a 
slightly higher pH above this zero point charge, the 
surface of tamarind seed gets negatively charged, 
which enhances the positively charged dye cations 
through electrostatic force of attraction. This can be 
observed from the very high increase in sorption ca-
pacity from 5.4 to 33.98 mg/g for an increase in pH 
from 2 to 7. 
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Figure 11. Effect of pH on removal of MG using Tamarind seed. 
Effect of initial dye concentration 
The effect of initial dye concentration on the MG 
adsorption onto tamarind seed was studied in the 
range of 10-100 mg/L. The pH, temperature, adsor-
bent dosage, contact time, particle size and agitation 
speed were fixed at 1, 37 °C, 0.285 g, 175 min, 85 
mesh and 209 rpm, respectively. The color removal 
profiles were obtained using the absorbance mea-
surements. From Figure 12, it was observed that dye 
uptake increases with increasing dye concentration. 
Adsorption isotherm 
The adsorption isotherm is the basic require-
ment for designing any adsorption system. The iso-
therm expresses the relation between the amounts of 
adsorbate removed from liquid phase by unit mass of 
adsorbent at constant temperature. Since adsorption 
is one of the fundamental surface phenomena, it is 
important to have a satisfactory description of an 
equilibrium state in order to successfully represent the 
kinetic adsorption behavior of any species from the 
fluid to the solid phase Langmuir, Freundlich, Dubinin- 
–Radushkevich and Tempkin adsorption isotherms 
were employed to determine the preference of one to 
another. Plot for the nonlinear Langmuir, Freundlich, 
Dubinin-Radushkevich and Tempkin equations are 
shown in Figure 13 and Table 5 gives the values of 
the isotherm constants. The Langmuir isotherm fits 
the data better than the Freundlich isotherm. This is 
also confirmed by the high value of R
2 in case of 
Langmuir (0.980) compared to Freundlich (0.97). The 
tamarind seed biomass adsorbent used in this work 
had a relatively large adsorption capacity (54.95 mg/g) 
when compared to other adsorbents reported in the 
literature (Table 6). This indicates that Tamarind seed 
is effective for the removal of MG from aqueous so-
lutions. 
Adsorption kinetics 
In order to determine the potential rate-control-
ling steps involved in the adsorption process, kinetic 
models should be established [32]. Therefore, to find 
the potential rate-controlling steps involved in the pro-
cess of adsorption of MG onto tamarind seed, first or-
der, pseudo second-order and intra particle diffusion 
kinetic models were tested to fit the experimental da-
ta. Adsorption kinetics of MG first- order model, pseu-
do second-order model and Intra particle diffusion 
models shown in Figure 14 and Table 7 shows the 
comparison of first-order and pseudo second-order 
kinetics and intra particle diffusion constants. The iso-
therm and kinetic models parameters were deter-
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mined using the trial-and-error nonlinear method by 
MATLAB software. 
Table 6. Comparison of adsorption capacities of various adsor-
bents for Malachite green dye 
Adsorbent qm / mg g
–1 Reference 
Tamarind seed  54.95  This work 
Muntingia calabura 32.50  [42] 
Arundo donax root carbon  8.70  [43] 
Bentonite clay  7.72  [44] 
Activated carbons, 
commercial grade (ACC) 
8.27 [45] 
Acid activated low cost carbon  9.74  [46] 
Hen feather  10.3  [47] 
A high correlation was represented for Freund-
lich, Langmuir, Dubinin-Radushkevich and Tempkin 
isotherms. However, regarding the correlation coeffi-
cient (R
2), the Langmuir adsorption isotherm (R
2 > 
> 0.98) was found to represent the equilibrium ad-
sorption data with much better fitting compared to the 
Freundlich isotherm (R
2 > 0.972), Dubinin-Radushke-
vich (R
2 > 0.95), Redlich-Peterson (R
2 >0.97) and 
Tempkin (R
2 > 0.96). Hence, the Langmuir isotherm 
was favorable for experimental data. The solubility of 
a dye is an essential property to enable the dye to 
penetrate into the porous structure of the tamarind 
seed. Clearly it could be expected that small, highly 
soluble molecules would be ideal molecules for the 
adsorption process. However, dyes will associate in 
aqueous solution to form dimmers and possibly larger 
micelles. Such larger groups of molecules will not have 
an easy progression through the porous structure of 
the tamarind seed. The process will be assisted if the 
dye is ionic and the adsorbent carries an opposite 
charge. The different dye ions will experience diffe-
rent physical and electrical attraction forces according 
to their structure molecular size and functional groups. 
In order to investigate the mechanism of adsorp-
tion and potential rate controlling steps, such as mass 
transport and chemical reaction processes, kinetic mo-
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Figure 13. Isotherm plot for MG adsorption on tamarind seed. 
Table 5. Langmuir, Freundlich, Dubinin-Radushkevich and Tempkin isotherm constants 
Isotherm Equation  Constant  Value  R
2 
Langmuir [37] 
e a
e a max
e 1 c K
c K q
q
+
=  
qm 
Ka 
54.95 
0.540 
0.98 
Freundlich [38]  n c K q / 1
e F e =   KF 
n 
16.24 
1.64 
0.97 
Dubinin-Radeshkevich [39] 
) / 1 1 ln(
) exp(
e
2
m e
c RT
D q q
+ =
− =
ε
ε
 
qm 
D 
46.94 
5.5X10
-4 
0.952 
Tempkin [40]  ) ln( / e e c K b RT q T T =   ∆Q 
KT 
236.1 
5.424 
0.9593 
Redlich-Peterson [41] 
R
R
e
e
1
b
e
R
c a
c K
q
+
=  
KR 
bR 
aR 
35.75 
1.147 
0.6732 
0.9797 
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dels have been used to test experimental data of MG 
from aqueous solutions. When the seed is employed 
as a free and small-sized tamarind seed suspension 
in a well-agitated batch system, all the sorbent bind-
ing sites are readily available for the dye uptake. The 
correlation coefficients for the first-order kinetic model 
were close to 0.9865 for all cases. The correlation 
coefficient for the second order kinetics was 0.9785 
and for the intra particle diffusion model was 0.9510. 
The theoretical values of qe also agreed well with the 
experimental data. The theoretical qe values calcula-
ted from the first-order kinetic model give reasonable 
values with obvious deviation from the experimental 
ones. 
FTIR Analysis 
The FTIR spectra of tamarind seed, before and 
after adsorption were shown in Figure 15. Numerous 
chemical functional groups such as hydroxyl, carbo-
xyl, amine, sulfonic, ester, etc. are identified as poten-
tial adsorption sites to be responsible for binding MG 
to tamarind seed. In Figure 15, the wide band at 3338 
cm
−1 shown in the spectrum of tamarind seed is attri-
buted to stretching vibration of hydroxyl group of ta-
marind seed. This band was shifted to 3368 cm
−1 
when MG was adsorbed. It may indicate a hydrogen 
bond between malachite green and OH groups of ta-
marind seed. The small band at 3854 cm
−1 is due to 
stretching vibration of N–H groups. It is not seen ex-
actly in the spectrum of tamarind seed-MG. The band 
at 2925 cm
−1 shown in Figure 15 is assigned to the C–H 
stretching vibration of polymer backbone. There was 
significant decrease for that band in the spectrum of 
malachite green. This band was shifted from 2925 to 
2853 cm
−1. This can be considered as evidence for 
the interaction between tamarind seed and MG cat-
ion. The band at 1425 cm
−1 in the spectrum of tama-
rind seed is due to C-H bending which was appeared 
as duplicate at 1391 and 1648 cm
−1 in the spectrum of 
tamarind seed after adsorption. The band at 1391 cm
−1 
in the spectrum of tamarind seed- MG is assigned to 
a symmetrical deformation of the CH3 group. The bands 
observed at 1637 cm
−1 correspond to N–H bending 
vibrations. These bands were shifted from1639 and 
1421 cm
−1 to 1639 and 1421 cm
−1 when the adsorp-
tion of MG occurs. These changes may be owing to 
weak interactions between MG and tamarind seed. 
Presumably it can be claimed that hydrogen bonding 
occurs between nitrogen and hydrogen of tamarind 
seed and MG. As was indicated by Pavia et al. [51], 
the band at 2343 cm
−1 has a larger intensity than at 
2361cm
−1, which suggests effective deacetylation. In 
the spectrum of tamarind seed the presence of two 
bands, one at 1163 cm
−1 and another at 1020 cm
−1, 
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Figure14. Kinetics plot for MG adsorption on tamarind seed. 
Table 7. kinetics model parameters for the MG using Tamarind seed 
Models Equation  Constant  Value  R
2 
Pseudo first order [49]  ( )
t k e q q 1 1 e
− − =  
K1 
qe 
0.0091 
37.58 
0.9865 
Ho’s second order [50] 
t k q
t k q
q
2 e
2
2
e
1+
=   K2 
qe 
0.000143 
51.92 
0.9785 
Intra-particle diffusion  5 . 0
d e t k q =   kd 2.142  0.9511 
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probably indicates the stretching vibrations of C–O 
group [52]. The first band did not demonstrate any 
changes. Besides in the second band, a small change 
was observed. It can be said that no interaction oc-
curs between C–O groups of tamarind seed and MG 
cation. 
SEM Photographs 
Figures 16a and 16b shows the SEM photo-
graphs of the original and the dyed seed, respec-
tively. Tamarind seed has heterogeneous surface and 
macro-pores as seen from its SEM photograph. After 
malachite green biosorption, tamarind seed presents 
a smoother surface because of the packing of the dye 
what makes surface irregularities less sharp. 
     
 (a)  (b) 
Figure 16. Scanning electron microscopic image of 
tamarind seed before (a) and after (b) sorption. 
CONCLUSIONS 
In this study, tamarind seed, a cheap and widely 
available material, is used for the removal of Mala-
chite green from dilute aqueous solutions. The results 
obtained from the present investigation revealed the 
ability of tamarind seed in removing malachite green 
from aqueous solution. The optimum condition for the 
removal of malachite green using tamarind seed was 
found to be: temperature (37 °C), adsorbent dose 
(2.85 g/L), contact time (202 min), adsorbent size 85 
mesh (0.17 mm) and agitation speed (2090 rpm). The 
maximum adsorption capacity was obtained (54.95 
mg/g) at a solution pH ∼7.0. From the kinetic and 
equilibrium studies it was found that pseudo first order 
kinetics and Langmuir isotherm fits the data well res-
pectively. The FTIR results shows that numerous che-
mical functional groups such as hydroxyl, carboxyl, 
amine, sulfonic, ester, etc. are identified as potential 
adsorption sites responsible for binding MG to tama-
rind seed. SEM analysis shows the active sites for 
sorption available in the adsorbent. The results indi-
cate that Tamarind seed can be employed as a low- 
-cost alternative to commercial materials in wastewa-
ter treatment for the removal of dyes.  
Acknowledgements 
The authors wish to express their gratitude for 
the support extended by the authorities of Annamalai 
University, Annamalai Nagar, India, in carrying out the 
research work in Environmental Engineering Labo-
ratory, Department of Chemical Engineering. 
Nomenclature 
c0  Initial concentration of dye in solution (mg/L) 
ce  Equilibrium (residual) concentration of adsorbate 
in solution (mg/L) 
D  Dubinin-Redushkevich model constant (g mol
2/J
2) 
k1  First-order Lagergren model rate constant (min
-1) 
k2  Second-order Ho model rate constant (g mg
–1 
min
–1) 
kd  Intra-particle diffusion rate constant (mg g
–1 min
–0.5) 
KF  Freundlich adsorption model constant (L/g) 
Ka  Langmuir adsorption model constant (L/mg) 
KT  Temkin model constant (L/mg) 
n  Freundlich adsorption model exponent 
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78 
qe  Amount of adsorbate adsorbed at equilibrium 
(mg/g) 
qm  Maximum adsorption capacity (mg/g) 
R  Universal gas constant (J g
–1 mol
–1 K
–1) 
T Absolute  temperature  (K) 
t time  (min) 
ΔQ  Heat of adsorption (J) 
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NAUČNI RAD 
   DEKOLORIZACIJA MALAHITNO ZELENOG POMOĆU 
SEMENA TAMARINDA: OPTIMIZACIJA, IZOTERME 
I KINETIKA 
U ovom radu proučavano je uklanjanje malahitno zelenog iz vodenog rastvora pomoću 
jeftinog adsobenta – semena tamarinda. Adsorbent je okarakterisan metodama SEM, 
BET i FTIR. Proučavan je uticaj temperature, količine i veličine čestica adsorbenta i kon-
taktnog vremena na dekolorizaciju malahitno zelenog. Ovi faktori su optimizovani meto-
dom površine odziva. Značajnost različitih faktora i njihovih kombinofanih efekata na ad-
sorpcioni proces je ocenjena pomoću punog faktorijelnog plana. U modelovanju ravno-
teže korišćene su jednačine adsorpcionih izotermi prema Langmuir-u, Freundlich-u, Re-
dlich-Petersen-u, Dubnin- Redushkevich-u i Tempkin-u. Adsorpcioni proces sledi kine-
tiku pseudo prvog reda, a intrapartikulatna difuzija je limitirajući stepen. 
Ključne reči: optimizacija; izoterma; kinetika; seme tamarinda; malahitno zeleno. 
 
 